Within the frame of a project on biologically active organometallic compounds twenty five triorganotin and organogermanium carboxylates of the type R 3 M0C(0)CH(0X)Ph (M = Sn, Ge; R = Me, Et, n-Bu; X = H, Me, C(0)Me, C(0)CF 3 , R 3 Ge), several diorganotin carboxylates R 2 Sn[0C(0)CH(0X)Ph] 2 (R = Et, n-Bu; X = Me, C(0)Me and {[R 2 Sn0C(0)CH(0X)Ph] 2 0} 2 (R = Et, n-Bu; X = Me, C(O)Me) and a new type of triorganogermanium carboxylates R 3 GeC^CCH 2 0C(0)CH(0X)R' (R = Me, Et, R' = Ph, Me, X = COCH 3 , COCF 3 ) have been synthesized and characterized by elemental analysis and structural methods (NMR, X-Ray, IR and Mössbauer).
The only representative of monogermylated mandelic acid was obtained by the reaction of the silver salt of the acid with triphenylbromogermane [8] . The selective germylation of the carboxylic group of mandelic acid takes place upon reaction with trialkylbromogermanes. For instance, the addition of a solution of mandelic acid in ether to a boiling solution of trialkylbromogermane and triethylamine yields new trialkylgermyl 2-oxy-2-phenylacetAtes (I) (method A) [1] . R= Me (la), Et(Ib), Bu (I c) The yield of organogermanium mandelates (I) depends on the reagents' ratio. Thus the high yields of 72-76% were obtained with equimolar amounts of the reagents. Nevertheless, the 6% excess of triethylbromo germane and triethylamine leads to formation of 5% of triethylgermyl (2-triethylgermyloxy-2-phenyl)-acetate (II b) besides the main product lb.
V.S. Petrosyan, N.S. Yashina, S. V. Ponomarev, A.S. Zolotareva, S.N. Nikolaeva and Τ. V. Drovetskaia
When the dimethylaminotrialkylgermanes were used as germylation agents the only bisgermylated products (Π) were isolated (method Β) [1] . Taking into account the fact, that dimethylaminotrialkylgermanes react with the hydroxy group of mandelic acid, we have synthesized the new bisgermylated mandelic acid derivatives containing similar (II a,d) and different (II b,c) organogermanium substituents as well as the new mixed Ο,Ο-bisorganometallic mandelic acid esters (ΙΠ, IV).
R' 3 GeNMe2
PhCHCOOGeR, I The range of potentially biologically active organogermanium derivatives of α-hydroxyacids can be expanded. Using trialkylhalogermanes and dimethylaminotrialkylgermanes we have performed the germylation of mandelic and lactic acid derivatives: 2-acetoxy-, 2-methoxy-and 2-trifluoroacetoxy-2-phenylacetic acids and 2-methoxypropionic acid.
The new organogermanium esters of 2-acetoxy-(VIa,b), 2-trifluoroacetoxy-2-phenylacetic acid (VII a-c) and 2-methoxypropionic acid (VIII a-c) have been synthesised using trialkylhalogermane (method A). The structures of the new organogermanium derivatives of mandelic and lactic acid I-IV, VI-X, XII-XIV were confirmed by Ή NMR and IR spectroscopy. The organogermanium compounds display strong absorbances in the ranges 1600-1720 cnr 1 (I-IV, VI-IX) and 1755-1775 cm" 1 , respectively, which are characteristic of organogermyl carboxylates and esters. The triple bond stretching vibrations in XII and XIII appear as very weak bands in the range 2190-2195 cm -1 , while in the IR spectra of XIV these bands disappear. The low intensities of triple bond stretching bands in IR spectra are usual for disubstituted acetylenes [10] . The Ή NMR signals of the α-protons of VI and VII (5.6-5.9 ppm) are shifted to low field as compared with the corresponding signals of germyl mandelates because of the presence of electronegative acetoxy and trifluoroacetoxy substituents. In the case of IX these signals are shifted to the high field (4.5-4.7 ppm) because of the presence of donor methyl group. Also the substitution of a phenyl group for a methyl one in VIII leads to greater high field shift of the α-proton signals (3.6 ppm, shifted by 1 ppm as compared with IX)). The Ή chemical shifts of the methylene protons of XII-XIV appear between 4.6 and 4.7 ppm, low field shifted by 0.6 ppm in average as compared with the corresponding alcohols caused by the electron accepting carbonyl group.
2. The structures of triorganotin derivatives of α-methoxy-and a-acetoxyphenylacetic acid in solution and in the solid state.
The structures of R 3 Sn0C(0)CH(0X)Ph (R = Me, Et, n-Bu, X = Me and Ac) (XV-XIX) have been studied by IR, Mössbauer and NMR spectroscopy [3, 4] . The relevant IR and Mössbauer data are collected in Table 4 . Some 13 C and I!9 Sn NMR parameters of compounds XV-XIX in inert (CDC1 3 ) and strongly solvating (DMSO-d 6 ) solvents are given in Table 5 . The IR spectra have been recorded between 3800 and 400 cm"'. The characteristic signals in the 1750-1230 cm -1 region correspond to v, as (COO). The absorptions v s a s (SnC) of Me 3 Sn-and Et 3 Sn-derivatives are found between 600 and 450 cm. fig.l) with bridging carboxylate groups [12] . The stronger is the coordinative bridging, the more regular is trigonal bipyramidal tin environment in 1 and the more planar is the R 3 Sn-fragment. This leads to significant lowering of v s (Sn-C) 4 and CDCI3 solutions, leading to free carboxylate groups, non-planar R 3 Sn fragments and monomeric tetrahedral structures of carboxylates in solutions. By changing the solvent (1:6 DMSO: CC1 4 mixture) the v s (Sn-C) bands of XV and XVII almost disappear, the carboxylic groups for all R 3 Sn0C(0)C(0X)Ph remaining monodentate (Δν = 295-305 cm 1 ). This is due to the strong coordination ability of DMSO. In the presence of an excess of DMSO the 1:1 complex with trigonal bipyramidal structure 2 ( fig. 1 ) is formed having a planar R 3 Sn moiety and axial carboxylate and DMSO ligands. These conclusions are undoubtfully confirmed by 'H, I3 C and II9 Sn NMR data ( Table 5) . The values of ! J( 13 C-119 Sn) in compounds XV-XIX in an inert solvent (CDC1 3 ) are consistent with tetrahedral tin environ-ment. In DMSO solutions the values of 'Ji'-'C-119 Sn) are significantly higher. In the presence of an excess of DMSO the exchange equilibrium is almost completely shifted towards 2 ( fig.l) even at room temperature so the observed 'J values correspond to these complexes. The 5( 119 Sn) values (Table 5 ) are in the range corresponding to four or five-coordinated tin compounds depending on the solvent choosen [13] . Table 7 . The crystal structure of trimethyltin mandelate XX was determined by X-ray diffraction analysis ( fig.2) [6] . The structure consists of two independent almost identical molecules (A and B). fig.l, structure 3) . The IR and Mössbauer parameters of XX (Table 6 ) are fully consistent with this structure. The simultaneous interaction of the hydroxyl group with tin and carboxylate are displayed by a 300 cm -1 shift of v(OH) to lower frequencies compared with the IR spectrum of a trimethyltin mandelate CHC1 3 solution containing non-associated tetrahedral molecules. The formation of a hydrogen bond between the carbonyl and the hydroxyl group is also indicated by a 25 cm -1 low frequency shift of v as (COO) and a decrease of Av(COO). Finally, the almost planar structure of the Me 3 Sn fragment leads to a very low intensity of v s (Sn-C) compared with v as (Sn-C) in the IR spectrum of solid Me 3 Sn0C(0)CH(0H)Ph (Table 6 ).
The IR spectrum of solid triethyltin mandelate XXI differs from the IR spectrum of XX, as there are two v as (COO) bands together with two v s (COO). It allows to suggest two modes of association in solid XXI. The band v as (COO) = 1650 cnr 1 corresponds to the monodentate carboxylic group. Nevertheless the Mössbauer data for this compound (Table 7) unumbiguously indicate the absence of tetrahedral monomeric molecules with a monodentate COO group in solid triethyltin mandelate because these molecules must have a QS of 2.44 mm.s" 1 · Probably the band v as (COO) = 1650 cm" 1 with Δν = 329 cnr 1 corresponds to the coordination polymer 4 ( fig.l) with the oxygen atoms of his carboxylate group and of the hydroxyl group of a neighbouring molecule in axial positions of the trigonal bipyramid. In contrast to solid XX having structure 3 ( fig.l) the carboxylic unit does not form a hydrogen bond and remains free. The absence of hydrogen bonding is confirmed also by the small shift of the hydroxyl absorption maximum (Δν(ΟΗ) = 120 cm -1 ) in the IR spectrum of solid XXI as compared to that of a CHC1 3 solution with tetrahedral monomeric molecules. The band v as (COO) = 1610 cm -1 and Δν = 210 cm -1 are characteristic for polymers of type 1 with bridging carboxylates analogously with triorganotin α-methoxy-and α-acetoxyphenylacetates described in section 2. Thus it can be proposed that the intermolecular associations in triethyltin mandelate are realized in two ways: either through the carbonyl oxygen or the hydroxyl oxygen atoms.
The IR and Mössbauer data for tributyltin mandelate [4] reveal that the freshly prepared solid compound consists of polymers of type 4 but, upon standing during several months, it partly becomes polymers of type 1. As was shown by IR and NMR spectroscopic data (Tables 6 and 7) all three mandelates behave equally in solutions regardless to the solid state structure: the polymers are broken delivering monomeric tetrahedral molecules. The values of v as (COO) and Δν correspond to monodentate carboxylic groups. The high frequency of v(OH) = 3500 cnr 1 indicates the non-coordinated hydroxyls. Changing the solvent to DMSO (Tables 6 and 7 ) the band v s (Sn-C) almost disappears, while the carboxylic group remains monodentate indicating the formation of a 1:1 complex with DMSO (structure 2, fig.l) 2 , R = Et (XXVI), n-Bu (XXVII). The crystal structures of the XXIII and XXIV were determined [5] by means X-ray diffraction analysis. The structures and atomic numbering for XXIII and XXIV are depicted in Figures 3 and 4 respectively.
The dicarboxylato tetraorganodistannoxanes XXIII and XXIV are centrosymmetric dimers. Their structures are built up around a planar four-membered Sn 2 0 2 unit. The two exocyclic Sn(2) atoms are connected to the bridging Ο atoms of the Sn 2 0 ring. There are two distinct carboxylate moieties in the structures. One type of carboxylate group 0(2)-C(9)-0(3) (Figs. 3, 4 ) is bidentate and bridges both the e/idocyclic and exocyclic Sn atoms, the Sn-O bonds being asymmetric (A(Sn-O) 0.064 A for XXIII and 0.153 A for XXIV). Noteworthy is the absence of any contacts between the tin atoms and the Ο atoms of OAc (for XXIII) or OMe (for XXIV) groups of this "bridging" type of the carboxylate ligand.
The second type of COO group (0(5)-C(20)-0(6)) coordinates the Sn (2) atom in the monodentate mode and at the same time forms weaker interactions to exocyclic and endocyclic tin atoms: Sn(2)-0(5) and Sn(l)-0(6). A distinctive feature of the structure XXIV is the coordination of the OMe group of this second type carboxylate ligand to the endocyclic tin atom: 0(7)-Sn(l). The disposition of the structure units in XXIII makes impossible such kind of interaction for the OAc group, because the last one is directed away from the rest of the molecule. The oxygen atom 0(7) of the OMe group in XXIV forms a relatively close contact with Sn(l) at 3.107 Ä, which is significantly less than the sum of the Van der Waals radii for Sn and Ο of 3.7 A and should be considered as a bonding interaction. The geometry of the fragment under consideration is indicative of this coordination, the angles at the 0(7) oxygen atom (Fig.4) having almost ideal values characteristic for the compounds with "ether" oxygen-tin coordination bond.
Thus, if both strong and weak interactions in the structures under consideration are taken into account then the geometry about the Sn(l) atom can be described as being based on a distorted octahedron with a basal plane defined by four Ο atoms in the case of XXIII, tin atom displacement from this plane being 0.006 Ä. The inclusion of the 0(7) atom in the coordination polyhedron in the case of XXIV results in a distorted pentagonal bipyramidal geometry with the pentagonal plane defined by five Ο atoms as shown in Fig.4 , the displacement from this plane being 0.05 Ä for plane-forming oxygen atoms and 0.006 Ä for Sn(l).
Mössbauer spectroscopy does not reveal two different types of tin atoms in compounds XXIH and XXIV. Mössbauer spectra for each of them consist of a symmetric unbroadened doublet (Γ and Γ 2 < 1 mm.s 1 ). Isomer shifts (IS) and quadrupole splittings (QS) of the resonant peaks are given in Table 8 . In the infrared spectra of XXIII and XXIV in the COO stretching vibration region two pairs of v(COO) bands are present. One of them (Δν(ΟΟΟ) < 200 cm 1 ) can be attributed to a bridging carboxylate group, the other, to a non bridging essentially monodentate COO-group, being in accordance with the sructures established by means of X-ray diffraction The solid-state structures of diorganotin bis-carboxylates XXV, XXVI and XXVII have been determined by spectral methods only. Mössbauer and IR-spectroscopy data for them are given in Table 8 . The QS values obtained are in good agreement with QS values calculated in terms of the point-charge model formalism assuming an idealized trans-R 2 Sn0 4 octahedral environment around the tin atom [15] . By the use of Sham-Bancroft's equation [16] the CSnC angles for bis-carboxylates XXV, XXVI and XXVII.are estimated to be 146°, 174° and 156° respectively. Thus Mössbauer evidences suggest that the R 2 Sn(0C(0)R¥) 2 reported here adopt a monomelic chelated structure 5 or a polymeric structure 6 (Fig.l) arising from bridging carboxylate groups. The same conclusion could be deduced from the infrared spectra of XXV-XXVII. The positions of the v s as (COO) bands and the Av(COO) values (Table 8) , which are close to those of COO-vibrational bands of XV-XIX where carboxylate groups were found to form the bridging polymeric structures, are indicative of the bidentate (chelating or bridging) carboxylate group function.
The OAc groups of the bis-carboxylates XXVI and XXVII do not participate in a coordination to tin: COO acet bands in their IR spectra being centered near 1740 cm -1 and 1230 cm 1 . These positions are almost the same as those of "free" α-acetoxyphenylacetic acid and distannoxane derivative XXIII where the absence of any contact between the OAc group and tin atoms are established by means of X-ray diffraction analysis. All of the available spectral data for compounds XXV-XXVII point to a six-coordinated structures with the trans-R 2 Sn0 4 octahedral geometries around the tin atoms, but do not allow to distinguish the two types of structures 5 and 6. Though the definitive choice between 5 and 6 seems to be impossible without X-ray diffraction evidences, the analysis of the literature data clearly favours the monomeric structure 5, where the tin atom is octahedrally surrounded by two assymmetrically chelating carboxylate groups [12] [17].
Further studies are planned to compare the structures and biological activities of both organogermanium and organotin carboxylates with the attempt to elucidate the effect of the nature of the metal on the structural and biological similarities (or differences) of these organometallic carboxylates.
